Abstract Nutrition plays an important role in human metabolism and health. However, it is unclear in how far self-reported nutrition intake reflects de facto differences in body metabolite composition. To investigate this question on an epidemiological scale we conducted a metabolomics study analyzing the association of self-reported nutrition habits with 363 metabolites quantified in blood serum of 284 male participants of the KORA population study, aged between 55 and 79 years. Using data from an 18-item food frequency questionnaire, the consumption of 18 different food groups as well as four derived nutrition indices summarizing these food groups by their nutrient content were analyzed for association with the measured metabolites. The self-reported nutrition intake index ''polyunsaturated fatty acids'' associates with a decrease in saturation of the fatty acid chains of glycero-phosphatidylcholines analyzed in serum samples. Using a principal component analysis dietary patterns highly associating with serum metabolite concentrations could be identified. The first principal component, which was interpreted as a healthy nutrition lifestyle, associates with a decrease in the degree of saturation of the fatty acid moieties of different glycerophosphatidylcholines. In summary, this analysis shows that on a population level metabolomics provides the possibility to link self-reported nutrition habits to changes in human metabolic profiles and that the associating metabolites reflect the self-reported nutritional intake. Moreover, we could show that the strength of association increases when composed nutrition indices are used. Metabolomics may, thus, facilitate evaluating questionnaires and improving future questionnaire-based epidemiological studies on human health.
Introduction
Potential causes of complex diseases, such as type 2 diabetes and cardiovascular disease, can be analyzed from many different perspectives (Fig. 1) . For instance, a number of genome-wide association studies (GWAS) identified associations between common genetic polymorphisms (SNPs) and diabetes or coronary artery disease [1] [2] [3] . In addition to such heritable genetic predispositions, environmental factors such as the human lifestyle and nutrition habits play an important role in the development of the respective clinical outcome. Examples would be the effect of meat and fish consumption on the risk of colorectal cancer, metabolic differences in the intake of green and black tea or the metabolic effects of dietary isoflavones in humans [4] [5] [6] [7] [8] [9] [10] [11] . However, directly associating genes or lifestyle habits with clinical endpoints provides only limited information about the underlying disease-causing mechanisms. Moreover, the P values of such associations are most often relatively low. Using quantitative targeted metabolomics as an access to intermediate phenotypes (as described in detail in [12] ) provides a much closer insight into the mechanisms that cause the clinical endpoint. Using high resolution electrospray ionization tandem mass spectrometry (ESI-MS/MS) it is, today, possible to measure hundreds of metabolites at the same time in a single sample [13] . Gieger et al. [12] showed that associating genetic variants with changes in the homeostasis of metabolic compounds can yield larger effect sizes as well as access to the underlying molecular disease-causing mechanisms. Likewise, lifestyle parameters such as smoking habits and coffee consumption can be clearly discerned in metabolic profiles. Wang-Sattler et al. [14] suggest that smoking is associated with plasmalogen-deficiency disorders and Altmaier et al. [15] could identify an increase in the concentration of two classes of sphingomyelins and a decrease in the acylcarnitine levels with an increased coffee consumption.
Here, we focus on the effect of nutrition habits on the human metabolism and in particular on how self-reported nutrition intake associates with metabolic profiles of the study participants' blood samples. Epidemiological studies provide growing evidence that diet is associated with the risk of many chronic diseases. Thus, an accurate assessment of nutrition habits is of growing importance. Though traditional measurement methods are improving and new techniques are developed [16] [17] [18] [19] [20] , the complexity of nutrition intake naturally leads to errors in its assessment. Comprehensive information about nutrition habits would include a multitude of different factors, such as portion size of foods, frequency of consumption, food composition, daily variations in food intake and many more. However, documenting all these parameters in epidemiological studies is not always feasible. Thus, errors in the assessment of the consumed food are to be expected [21, 22] and an independent validation against quantitatively measurable parameters is needed.
Here, we ask the question, in how far self-reported nutrition habits based on questionnaires can be associated with changes in the metabolic homeostasis. For clinical short-term studies, where factors like food intake are exactly defined and controlled, finding such associations would probably be not astonishing. Here, however, we focus on population studies, where a general nutrition habit is self-reported. Analyzing population studies for associations between the self-reported nutrition habits and the metabolic profile might then evaluate the quality and potential of the used questionnaires.
We present results from a study where we measured the metabolic profiles of 284 male participants from the KORA (Cooperative Health Research in the Region of Augsburg) study population. For each participant, information on many different factors concerning disease state, medication items or life style is available. In particular, most participants responded to a set of 18 questions of a qualitative food frequency questionnaire (see Table 4 ). Each of the queried food groups such as meat, fish, vegetables, cheese or chocolate was reported on a scale from 1 (''never'') to 7 (''several times per day''). In a first step we analyzed these KORA food groups for associations with the measured The lifestyle is usually reported by questionnaires, where the information about the nutrition is split into information about food groups. To identify associations between the ingested nutrients and the metabolic profile, the food groups are pooled by their nutrient content to indices metabolic profiles. In a second step we defined nutrition indices by pooling the food groups by their nutrient content, such as ''dietary fibers'', ''saturated fatty acids'', ''monounsaturated fatty acids'', and ''polyunsaturated fatty acids'' and tested them for associations with the metabolic data. In a third and final step we examined the effect of the overall diet on the human metabolism. For identifying associations of the nutrition lifestyle with the clinical outcome, dietary pattern analysis is a common approach [23] [24] [25] . Following this idea, we identified dietary patterns and analyzed them for associations with the measured metabolic profiles. This approach may provide a broader picture of the impact of specific nutrition habits on health than the analysis of single food groups could do alone.
Material & methods

Experimental setup
The were reexamined for a second time, thus, 10 years apart from the baseline examination. From this group, 284 male participants, aged between 55 and 79 years at the examination for F3, were chosen randomly for our analysis and were again recruited 1-2 years later for additional blood sampling. In total, 239 of these study participants provided details concerning their intake of the following foods: ''Meat (except sausage)'', ''sausages and ham'', ''poultry'', ''fish'', ''potatoes'', ''pasta'', ''rice'', ''cooked vegetables'', ''fresh fruit'', ''chocolate, chocolates'', ''cakes, pastries, biscuits'', ''salted snacks'', ''whole-grain bread, black bread, crispbread'', ''flaked oats, muesli, cornflakes'', ''curds, yoghurt and sour milk'', ''cheese'', ''eggs'', and ''milk''. The foods were queried by a score from 1 to 7: ''never'', ''once a month or less'', ''several times a month'', ''about once a week'', ''several times a week'', ''daily or almost daily'', ''several times per day'' (see Table 1 ). Food indices were computed as the sum of the responses that make up the given indices (see Table 4 ). Thus, the indices ''dietary fibers'' and ''polyunsaturated fatty acids'' can each range from 3 to 21, ''monounsaturated fatty acids'' from 8 to 56, and ''saturated fatty acids'' ranges from 9 to 63. This food frequency questionnaire was validated against a 7-day dietary record (n = 899; applied in a previous KORA/MONICA study) with the result that it can be used for analysis on group level [26] . Questionnaire-based self-reported nutrition habits 147
Blood samples For collection of blood samples for metabolic analysis F3 study participants were invited again in 2006. To avoid variation due to circadian rhythm, blood was drawn in the morning between 8 and 10 am after a period of overnight fasting. Material was immediately horizontally shaken (10 min), followed by 40 min resting at 4°C to obtain complete coagulation. The material was then centrifuged (2,0009g; 4°C). Serum was aliquoted and stored for 2-4 h at 4°C, after which it was deep frozen to -80°C until mass spectrometry analysis.
Metabolite profiling
Targeted metabolite profiling by electrospray ionization (ESI) tandem mass spectrometry (MS/MS) was performed at Biocrates life sciences AG, Austria. The technique is described in detail in [27, 28] . A comprehensive overview of the field and the related technologies is given in the review paper by Wenk [29] . Briefly, the assay preparation was done by an automated robotics system (Hamilton Robotics GmbH) on a special double-filter 96 well plate containing isotope labeled internal standards. Assays used 10 ll plasma and include phenylisothiocyanate (PITC)-derivatisation of amino acids, extraction with organic solvent and several liquid handling steps. Flow injection analysis coupled with multiple reaction monitoring scans (FIA MS/MS) on an API 4000 QTrap instrument (Applied Biosystems) was used for quantification of amino acids, acylcarnitines, sphingomyelins, phosphatidylcholines, and hexoses. LC-MS/MS methods using multiple reaction monitoring, neutral loss and precursor ion scans were applied for biogenic amines, eicosanoids and hydroxylated fatty acid derivatives as well as for intermediates of the energy metabolism. The quantification of the metabolites is achieved by reference to appropriate internal standards. The method is proven to be in conformance with the ''Guidance for Industry-Bioanalytical Method Validation'' published by the FDA (Food and Drug Administration), which implies proof of reproducibility within a given error range. This measurement platform has been successfully used in the past in different academic and industrial applications [12] [13] [14] .
Metabolite spectrum
For all analyzed metabolites the concentrations are reported in lM. In total, 363 different metabolites were measured in plasma: 18 amino acids, nine reducing mono-, di-and oligosaccharides (abbreviated as Hn for n-hexose, dH for desoxyhexose, UA for uronic acid, HNAc for N-acetylglucosamine), 21 acylcarnitines (Cx:y, where
x denotes the number of carbons in the side chain and y the number of double bonds), seven hydroxylacylcarnitines (C(OH)x:y) and dicarboxylacylcarnitines (Cx:y-DC), free carnitine (C0), seven biogenic amines, seven prostaglandins and 293 lipids. These lipids are subdivided into 14 different ceramides (Cer) and glucosylceramides (GlcCer), 71 different sphingomyelins (SMx:y) and sphingomyelinderivatives, such as N-hydroxyldicarboacyloylsphingosylphosphocholine (SM(OH,COOH)x:y) and N-hydroxylacyloylsphingosyl-phosphocholine (SM (OH)x:y), five glycero-phosphatidic acids (PA), 124 glycero-phosphatidylcholines (PC), 42 glycero-phosphatidylethanolamines (PE), four phosphatidylglycerols (PG), 30 glycero-phosphatidylinositols (PI) and glycero-phosphatidylinositolbisphosphate (PIP2), and three glycero-phosphatidylserines (PS). Glycero-phospholipids are further differentiated with respect to the presence of ester (a) and ether (e) bonds in the glycerol moiety, where two letters (aa, ae, or ee) denote that the first as well as the second position of the glycerol unit are bound to a fatty acid residue, while a single letter (a or e) indicates a bond with only one fatty acid residue; the latter molecular species are usually called lysophospholipids. E.g. PC ae 36:1 denotes a plasmalogen phosphatidylcholine with 36 carbons in the two fatty acid side chains and a single double bond in one of them. In some cases, the mapping of metabolite names to individual masses can be ambiguous. For example, stereo-chemical differences are not always discernable, neither are isobaric fragments.
Statistical analysis
The statistical analysis system R (http://www.r-project.org/) and SPSS for Windows (Version 16.0, Chicago: SPSS Inc.) were used for this statistical analysis. As a basis for our statistical analysis, we used in particular ratios between metabolite concentrations. As shown previously, the use of such ratios leads to a strong reduction in the overall variance and therefore improves the strength of association [13] . A high increase in the strength of association may also indicate that the two metabolites are linked by a metabolic pathway that is influenced by the respective (nutrition) factor.
Thus, the ratios of the concentrations of all possible pairs (363 2 ) of metabolites are computed. For the identification of metabolites influenced by the nutrition habits, for each of the 18 food groups, the four nutrition indices and the seven dietary patterns, a linear regression test was applied to model each metabolite ratio. To control for the effect of testing multiple hypotheses and, thus, taking possible correlations among metabolites into account, the positive false discovery rate (q value) was computed for each ratio and each dietary variable. The positive false discovery rate is defined by Storey et al. [30] as pFDR = E[V/R|R [ 0], where ''positive'' means that at least one rejection occurred. The pFDR can be used to define the q value, which is a natural pFDR analogue to the P value. Thus, the q value is a measure for the fraction of false positives appearing even if the test itself was significant. In contrast to the P value the q value is a multiple hypothesis testing quantity [30] .
The dietary patterns were identified using principal component analysis on the food groups using SPSS. Only principal components with an eigenvalue larger than one were considered for further analysis. For each of these principal components a new variable with the transformed values (method: regression) was calculated. To each of these new variables a linear regression test was applied to model each metabolite ratio analogical to the food variables above. Thereby, metabolite ratios can be identified that are influenced by the respective dietary pattern.
Results
Food groups associate with saturation and chain length of phospholipids As a first step, in order to gain insight into nutrition associated metabolic changes, we tested the association of selfreported intake of single food groups with the metabolite profiles in human serum using linear regression. The results are summarized in Table 2 . Using age and BMI as cofactors for the linear regression showed no substantial difference to the analysis without any cofactors. All analyzed food groups mainly affected the degree of saturation and/or the chain length of the fatty acid residues of the glycerophosphatidylcholines.
An association with a decrease in saturation of the fatty acid residues could be observed for the consumption of ''sausages, ham'' and ''fish'' (e.g. the ratio between PC aa C40:4 and PC aa C40:6 with a q value of 8.67 9 10 -10 ). In contrast, an increase in saturation was associated with ''flaked oats, muesli, cornflakes'' and ''cheese''. The results for ''flaked oats, muesli, cornflakes'' additionally revealed a decrease in the chain lengths of the fatty acid residues. For ''vegetables, cooked'' the ratio between hexanoylcarnitine (C6) and kynurenin concentrations was found as association with the lowest q value (q value: 5.89 9 10 -3 ). ''Fresh fruit'' associated most strongly with a ratio composed of an acylcarnitine and a glucosylceramide, namely C10/GlcCer C22:2 (q value: 2.27 9 10 -3 ) and ''chocolate, chocolates'' with ratios containing each a sphingomyelin and a glycero-phosphatidylcholine, e.g. SM C22:0/PC aa C38:3 (q value: 1,35 9 10 -4 ). ''Curds, yoghurt, sour milk'' achieved the lowest q value for association with SM (OH)
-2 ), a ratio composed of two N-hydroxylacyloylsphingosyl-phosphocholines. For all these associations positive false discovery rates (q value) below 0.05 were thus obtained. For the following food groups no association with a positive false discovery rate (q value) smaller than 0.05 could be identified: ''meat (except sausage)'', ''poultry'', ''potatoes'', ''pasta'', ''rice'', ''cakes, pastries, biscuits'', ''salted snacks'', ''whole-grain bread, black bread, crispbread'', ''eggs'' and ''milk''. In summary, the analysis of the food groups shows that associations of several of these food groups with different metabolic profiles can be observed, albeit some of them with relatively low q values. Most of these differences are related to the saturation and chain length of phospholipids.
The nature of the nutrient intake indices matches the character of the associating metabolic profiles
As a next step, we aimed to identify those metabolites that are influenced by the food indices ''dietary fibers'', ''saturated fatty acids'', ''monounsaturated fatty acids'', and ''polyunsaturated fatty acids''.
The index ''dietary fibers'' was defined by the food groups ''vegetables, cooked'', ''whole-grain bread, black bread, crispbread'' and ''flaked oats, muesli, cornflakes'' (Table 4) . For this index ''dietary fibers'' metabolite ratios that suggest a shift towards more saturation and smaller chain length of the fatty acid residues showed the strongest association (Table 3 ), e.g. the ratio PC ae C36:1/PC aa C40:4 with a positive false discovery rate (q value) of 1.20 9 10 -5 and a positive correlation coefficient of 0.4. In order to investigate this observed shift towards more saturation further, sums of the serum concentrations of glycero-phosphatidylcholines were used for analysis. The association with the lowest q value (2.45 9 10 -7 ) was the ratio of the sum of all acylalkyl-PC with one or two double bonds and the sum of all diacyl-PC with 4 or 5 double bonds (Fig. 2) . This supports the idea that ''dietary fibers'' are associated with an increase in phospholipid saturation. To answer the question whether the binding type of the fatty acids in the glycero-phosphatidylcholine-acyl or alkyl-may influence the observed association, we focused on those ratios that contain exclusively diacyl-PCs (Table 3b) or exclusively acyl-alkyl-PCs (Table 3c ). For both separately analyzed classes also an increase of the saturation of the fatty acid residues could be observed. The sum of all diacyl-PC showed only a slight negative association with dietary fibers (P value: 1.53 9 10 -3 , q value: 1.79 9 10 -2 ), while for the sum of all acyl-alkyl-PC no association could be detected. Thus, the intake of dietary fibers mainly associates with the saturation of the fatty acid residues but might also have an effect on the type of PC that is formed.
The index ''dietary fibers'' is the sum of the food groups ''cooked vegetables'', ''whole-grain bread, black bread, crispbread'' and ''flaked oats, muesli, cornflakes'' ( Table 4 ). The analysis of these factors showed that only self-reported ''flaked oats, muesli, cornflakes'' (q value: 2.24 9 10 -4 ) consumption was also associated with a higher saturation and a smaller fatty acid chain length. The analysis of the index ''dietary fibers'' lead to an increased strength of association and, thus, shows that additional information can be obtained when using nutrition indices as compared to individual food groups.
The index ''polyunsaturated fatty acids'' is composed of the three food groups: ''meat (except sausage)'', ''poultry'' and ''fish''. This index was associated with a decrease in saturation of the fatty acid residues of the glycero-phosphatidylcholines, where the signal of the strongest associating ratio is found for PC aa C40:5/PC aa C40:6 with a small positive false discovery rate (q value: 5.94 9 10 -5 ) and a negative correlation coefficient of -0.38 (Fig. 3) . Docosapentaenoyl-CoA (C22:5) and DocosahexaenoylCoA (C22:6) are closely connected in the biosynthesis of unsaturated fatty acids [31] . Synthesis of these metabolites to a glycerol 3-phosphate, and further addition of a stearoyl-moiety (C18:0), followed by a dephosphorylation step and the addition of a phosphocholin moiety in the Kennedy pathway, leads to the formation of the For each analyzed factor the associating ratio of metabolites is listed together with the P value and the positive false discovery rate (q value). The arrows indicate the direction of the correlation coefficient for each result a Alternative assignments of the metabolites are possible glycerol-phosphatidylcholins PC aa C40:5 and PC aa C40:6, respectively. Thus, a decrease of the ratio PC aa C40:5/PC aa C40:6 indicates an increase in the polyunsaturated fatty acid C22:6. The index ''polyunsaturated fatty acids'' is defined by the food groups ''meat (except sausage)'', ''poultry'' and ''fish''. Among these groups the strongest association could be found for fish intake with the ratio PC aa C40:4/PC aa C40:6 (q value: 8.67 9 10 -10 ). The indices ''saturated fatty acids'' and ''monounsaturated fatty acids'' are both composed of the eight food groups ''meat (except sausage)'', ''sausages and ham'', ''poultry'', ''chocolate, chocolates'', ''cakes, pastries, biscuits'', ''salted snacks'', ''cheese'' and ''eggs''. This nearly identical composition of these both indices is typical for southern German (Bavarian) lifestyle [32] . The index ''saturated fatty acids'' in addition contains the food group ''curds, yoghurt, sour milk''. Both indices associated with metabolite ratios composed of the different phospholipids.
Three of the index defining food groups, namely ''sausages and ham'', ''chocolate, chocolates'' and ''cheese'', achieved results with a q value lower than 5%. The resulting ratios mainly describe the state of saturation of the fatty acid residues of the glycero-phosphatidylcholines. The index ''saturated fatty acids'' includes, besides the eight food groups, additionally the factor ''curds, yoghurt and sour milk''. This difference to ''monounsaturated fatty acids'' became apparent in additionally resulting ratios containing the sphingomyelin SM (OH) C20:1, which was, among the food groups, only included in the results of ''curds, yoghurt and sour milk''.
The indices ''saturated fatty acids'' and ''monounsaturated fatty acids'' present a complex pattern of differences in the phospholipid metabolism, which is probably due to the large number of food compounds defining these indices suggesting that these indices may need refinement in the future. In summary, especially the analysis of the index ''polyunsaturated fatty acids'' provides an impressive example that the self-reported nutrient intake can in fact be observed in the metabolite profile of human serum.
Dietary lifestyle can be detected in serum metabolite profile To identify the major dietary patterns in the KORA F3 dataset, we analyzed the food groups by principal component analysis (Table 4) . Seven of the resulting principal components achieved an eigenvalue larger than one and were further analyzed. Each of the seven principal components can be interpreted as a dietary pattern (DP). The association of these seven DPs with the metabolite dataset was tested. Three of the seven DPs yielded results with a false discovery rate (q value) lower than 0.05. The lowest q value was achieved by the first principal component. This first component was composed of a high intake of poultry, fish, rice, cooked vegetables, fresh fruit, chocolate, flaked oats, curds, cheese and milk, and a low consumption of meat and sausages. The metabolite ratios that most strongly associate with this DP consisted each of a diacyl-PC with four or five double bonds in the numerator and an acylalkyl-PC with one or two double bonds in the denominator and showed a positive correlation. This fact is particularly visible when examining the ratio of the sums of these both groups of glycero-phosphatidylcholines for analysis (q value: 1.07 9 10 -8 ) (Fig. 4 ; Table 5 ). The fourth and the sixth DP were both associated with different phospho-lipids. The fourth DP describes a lifestyle that incorporates a high consumption of meat, poultry, fish, salted snacks and eggs and a low intake of potatoes, pasta, cakes, whole-grain bread and flaked oats (lowest q value for association with metabolite ratios: 3.31 9 10 -3 ). It can be interpreted as ''traditional Bavarian'' lifestyle, since meat, sausages, poultry and fish played an important role in the nutrition (note that the probands live in Bavaria). The sixth DP indicates a high intake of whole-grain bread, eggs and milk, and a low consumption of fish, fresh fruit and cakes (lowest q value: 1.31 9 10 -5 ). These three principal components (component one, four and six) explain a variance of 15.6, 7.9 and 6.0%, respectively. Because of its high explained variance the first principal component was of main interest. The first DP associates with a decrease in saturation of the fatty acid side chains of glycero-phosphatidylcholines. Thus, the principal component that explains most of the variance in the self-reported dietary intake is also the variable that displays the strongest association to serum measured profiles.
Discussion
In this study we asked the question if self-reported nutrition intake reflects de facto changes in body metabolite composition. We analyzed the effect of different nutrition habits on the metabolism of 239 male participants of the KORA project, aged between 55 and 79 years. In total, 363 metabolites were measured for each sample by high-throughput electrospray ionization tandem mass spectrometry.
Our analysis shows that self-reported information about general nutrition habits collected by food frequency questionnaires can be associated with different metabolic profiles. This could be done for a population study, which means that food intake was not predetermined as it is for clinical short-term studies. Apart from that the associations . Boxes extend from 1st quartile (Q 1 ) to 3rd quartile (Q 3 ); median is indicated as a horizontal line; whiskers are drawn to the observation that is closest to, but not more than a distance of 1.5(Q 3 -Q 1 ) from the end of the box. Observations that are more distant than this are shown individually on the plot. The number of individuals in each group is given in the boxes could be found though the time points of the interview and the blood collection differed by a year. This, in reverse, indicates that nutrition habits are stable over longer time periods. We could find associations between self-reported nutrition intake and serum based metabolite concentrations on three levels of analysis: single food groups, nutrition indices and dietary patterns. Using age and BMI as cofactors for the linear regression showed no substantial difference to the analysis without any cofactors. Life-style factors as well as possible gene-nutrition interactions may influence the relationship between nutrition intake and metabolic profile, but were not used as cofactors for reasons of possible over-fitting of the statistical model.
Analyzing the 18 single food groups we showed that even on the lowest level, namely single food groups, selfreported information about these single food consumptions can be associated with different metabolic profiles. Most of these differences relate to the saturation and chain length of different classes of phospholipids.
In a next step we combined single food groups into indices according to their nutrient content and showed that nutrition habits can be associated with metabolic changes and thereby provide additional information. For the index ''dietary fibers'', we observed an association with a shift towards more saturation and smaller chain length of the fatty acid residues of phosphatidylcholins. To the best of our knowledge, such an effect of dietary fiber consumption on the saturation of fatty acid residues in humans was not reported in literature so far. Thus, the observed association was unexpected and confounding by other aspects of diet can not totally be excluded. An explanation for the association might be that increased dietary fiber intake functions as an indicator for increased carbohydrate intake, which was observed to be directly correlated to adipose tissue monounsaturated fatty acids [33] . This association between dietary fiber intake and saturation was stronger than any of the associations between the food compounds that build this index and the metabolic data. This shows that additional information can be extracted from the data by using nutrition indices compared to food groups. For instance, the index ''polyunsaturated fatty acids'' was associated with a decrease in saturation of the fatty acid Meat ( side chains of the glycero-phosphatidylcholines. This provides a convincing example that the self-reported increased intake of polyunsaturated fatty acids can be observed in the serum as an increase in glycero-phosphatidylcholins containing polyunsaturated fatty acids. Applying a principal component analysis to all food groups to identify dietary patterns the effect of the overall diet on the human metabolism was shown. The dietary pattern with the largest explained variance can be compared to a similar pattern found by Liu et al. [25] in a multi-ethnic US population, who denote this pattern as ''health conscious''. This lifestyle may be interpreted as ''healthy'', basically since meat and sausages are replaced by poultry and fish. It was strongly associated with a-as healthy considereddecrease in saturation of the fatty acid side chains of glycero-phosphatidylcholines. Thus, the self-reported healthy lifestyle including a high content of consumed fish and poultry can effectively be detected in the human blood and this even months or years after the report. The associations we reported in this paper were found in a metabolite set that contained no free fatty acids, but glycerophospholipids. It is true that using free fatty acids would provide additional information. Here, however, we use a high-throughput technology that allows the measurement of hundreds of metabolites in a fully automated manner for many samples at a time which is more appropriate for future large population studies. Moreover, the different phospholipid species are not only meant as substitutes for free fatty acid profiles, but carry much independent information, e.g. on lipid trafficking, membrane composition and others [29] . Also discussable is that as study participants only older men were chosen who may not be as good informed about their nutrition intake as their wives. This selection is due to the fact that our study originated from an explorative metabolomics study with multiple objectives. However, the fact that we still obtain a significant signal under more unfavourable conditions supports the validity of our results.
For our analysis we used information about food frequencies and not about portion sizes of food. Of course, using portion sizes would be a more precise way to assess nutrition intake. However, in the setting of an epidemiological examination, the questionnaires are limited by the very nature of this kind of large scale population studies. The fact, that we obtain significant results despite this limitation shows again the power of this approach.
In summary, we have shown that metabolomics provides the possibility to evaluate and improve questionnaires and to detect which single foods should be chosen to compose a meaningful nutrition index. This, again, may improve future questionnaire-based studies on human health. Beyond this, metabolomics might be a future tool to identify biomarkers reflecting the effect of nutrition intake on the human metabolism. Such dietary biomarkers could then be an objective and independent assessment for the ''true'' food intake [34] [35] [36] . In addition, other dietary . The linear regression line is shown assessment methods (than questionnaires) [37] [38] [39] could be validated using metabolic biomarkers. 
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